Many genes are specifically expressed in the intestine and produce the proteins that digest and absorb the diverse nutrient molecules in the diet. Despite apparent similarities of the mucosa in the duodenum, jejunum, and ileum, these regions differ in their abilities to absorb various nutrients. Clinical awareness of these differences is perhaps most obvious in vitamin B12 malabsorption following terminal ileal disease or resection, but there are many other examples including distal intestinal absorption of bile salts, proximal absorption of calcium and iron, and the various electrolyte transporters that produce net fluid secretion proximally but absorption distally.' These anatomical differences become important in the treatment of patients with the short bowel syndrome where certain, but not all, nutrient systems are capable of adaptation.
Recent work is giving a better understanding of the fundamental reasons for these regional variations in gene expression, which are believed to underpin differences in cell and tissue differentiation. This article will review patterns of differentiation in intestinal cells and the control of the expression of nutrient transport genes by specific transcription factors.
Intestinal cell differentiation
The basis for restriction of specialised transport systems to different parts of the gut may partly be found in studies of how cell fate is determined along the crypt-villus and longitudinal axes of the small intestine. Each crypt contains non-migratory, self Transcription factors in the intestine (Table) An alternative way of approaching the problem of regional gene expression is to investigate which transcription factors are preferentially expressed in the intestine to discover if any show regional variation coinciding with that of the digestive and transport proteins. Many ubiquitous factors are also found in the intestine; these include steroid hormone receptors such as the thyroid hormone or vitamin D receptors but this discussion will focus on those which appear to be specific for intestine and other tissues derived from endoderm.
Hepatocyte nuclearfactors
The beginning of the study of transcription factors in gastroenterology was in the mid-1980s, when work on DNA binding proteins in rat hepatocyte nuclear extracts began. In 1987, a nuclear protein, designated hepatocyte nuclear factor 1 (HNF-1), was identified20 and shown to bind to a sequence required for hepatocyte specific transcription of the 3-chain of fibrinogen. In transfection experiments with 5' deletion mutations of this promoter and in DNase I footprint studies, the key sequence was identified between bases -102 to -75 as ATTAAC; this was present also in the ac fibrinogen and al antitrypsin promoters. Purified HNF-1 protein2" was found to interact with essential promoter regions of several other hepatic genes including albumin, a fetoprotein, and transthyretin. Cloning of HNF-1 identified it as a homeobox protein22 (see below) placing it in a family of already well characterised transcription factors. HNF-1 is not, despite its name, liver specific. It is present in similar amounts in liver and kidney, and at substantially lower levels, in intestine, spleen, and thymus. Significantly, all these tissues may express hepatic markers. For example the kidney synthesises a and , fibrinogen, and a fetoprotein is expressed throughout the gastrointestinal tract, though restricted to enteroendocrine cells. There are two genes for HNF, HNF-la and HNF-11, and their expression was studied in the gut to find out if they colocalised with a fetoprotein23; these results showed that HNF-la had substantially higher expression in ileum and jejunum, while HNF-1 1 was greatest in the colon. A crypt-villus gradient also was established for both these factors, with highest levels of expression in the intestinal crypts.
One of the CCAAT/enhancer binding proteins (C/EBP) was initially identified independently as HNF-2. C/EBPa, but no other member of this widely expressed family, is found in murine duodenal and jejunal villus enterocytes but is not present in crypts or in the ileum or colon.24 Elements that bind C/EBPa have been identified in several intestinal genes.3 18 39 When the gene was targeted in 'knock-out' mouse models, the pancreas and proximal duodenum failed to develop, and as the animals died shortly after birth, gene expression in adults could not be studied.40 41 In situ hybridisation studies have demonstrated transcripts of PDX-1 in duodenal crypt epithelium, though further analysis of transcript levels along the intestine are needed to expand on the degree and extent of these proximal to distal differences.
The study of transcriptional regulation of gene expression in mammalian intestine is still very much in its infancy but current findings are consistent with the hypothesis that certain homeobox genes play a critical part in establishing regional identity in the gut. It seems likely that soon we will know the reasons why duodenum, jejunum, and ileum are what they are. 
